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METHOD FOR THE DIAGNOSIS OF DISEASES BY DETERMINING 

APOLIPOPROTEIN C-I 

The present invention relates to a method for the diagnosis, early 
detection, risk estimation and monitoring of the course of diseases, 
in which the protein apolipoprotein C-I is determined as a biomarker 
in serum or plasma samples from human patients, and the use of 
apolipoprotein C-I as a therapeutic active substance. 

It should be noted at the outset that when the term * diagnostic 
method" is used generally in the following description, this term 
is as a rule intended for the sake of simplicity to represent methods 
for the diagnosis, early detection, risk estimation and monitoring 
of the course, including therapy- accompanying monitoring of the 
course, of diseases, unless it is evident from the specific context 
that only measurements with specific limited objectives are meant 
at the respective point. 

Furthermore, it should be noted that, in the context of the present 
Application, the term "diseases" is used for, as a rule, severe 
chronic and in particular acute diseases and is not intended to 
relate to disorders of fat metabolism, as may be regarded as risk 
factors for the development of atherosclerosis. In particular, 
cancer diseases and sepsis are to be singled out as "diseases" . 

However, the determination according to the invention can also 
be used in association with diagnostic methods which are intended 
to provide more detailed information about the state of a patient 
who is suffering from other diseases, in particular an acute heart 
disease, such as a cardiac infarction, angina pectoris and an 
arterial occlusive disease, or from diabetes, Graves' disease and 
Crohn's disease. 

Proteins which form the lipoproteins together with lipids 
(triglycerides, cholesterol, phospholipids) are designated as 
"apolipoproteins" . An important function of the apolipoproteins 
is to permit the transport of the water-insoluble lipids in serum 
and plasma. On the basis of their migration behavior in the density 
gradient of an ultracentrifuge, lipoproteins are assigned to four 
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different density classes: chylomicrons, VLDL (from: very 
low-density lipoproteins) , LDL (from: low-density lipoproteins) 
and HDL (from: high-density lipoproteins) . In addition, a group 
designated as lipoprotein (a) is distinguished. The lipid fraction 
of the lipoproteins is smaller the higher the density thereof. 

Lipoproteins of different density classes differ not only on the 
basis of the amount of lipid fraction present altogether but also 
with regard to the composition thereof. It is furthermore possible 
to assign typical apolipoprotein profiles to the respective density 

class . 

Apolipoproteins are proteins of different length and amino acid 
composition, which are assigned to groups designated by A-H, a 
distinction being made in turn within the individual groups between 
different proteins, which are characterized by an attached number. 

Instead of the complete designation of, for example, 
apolipoprotein A-I, it has also been customary to speak only of 
Apo A-I. The primary structures (amino acid sequences) of the 
various apolipoproteins are known, and data or specific concepts 
regarding their three-dimensional structure also exist for a number 
of different apolipoproteins, in particular in association with 
lipids. More detailed information is to be found in the relevant 
scientific literature. 

It is known that apolipoproteins can also be determined 
specifically in connection with the obtaining of measured data 
on the fat metabolism of a patient, in particular for early 
detection of a risk of atherosclerosis or for monitoring therapy 
in the treatment of a patient with lipid-lowering medicaments. 

Use is made of the circumstance that certain apolipoproteins occur 
exclusively or at least predominantly in lipoproteins of the 
individual lipoprotein density classes among the abovementioned 
ones and determine the specificity thereof, so that, by determining 
the apolipoprotein fraction of lipoproteins, it is also possible 
to determine the proportion of the latter in a serum or plasma 
of a patient. 



It is also known that lipoprotein and also apolipoprotein prof i 



differing from the normal case are found in individual patients 
owing to considerable effects which influence the formation of 
the apolipoproteins or the enzymes cleaving them or manifest 
themselves as receptor defects. It is furthermore known that 
disturbances of fat metabolism (secondary dyslipoproteinemias) , 
which are of a temporary nature and disappear again after curing 
of the disease can also occur as a result of other diseases (cf . 
(20) , pages 186-189; literature references in the form of numbers 
in brackets relate to the attached list of literature references) . 

Where the changes in the fat metabolism also manifest themselves 
as changes in the apolipoprotein compositions, the scientific 
literature documents primarily those changes which relate to the 
apolipoproteins A-I and A-II and as a rule reflect abnormal forms 
and concentrations of the HDL. However, apolipoproteins do not 
play any significant practical role as biomarkers for the diagnosis 
of diseases which are also known to be accompanied by disturbances 
of fat metabolism. 

The present Application relates to the determination of 
apolipoprotein C-I for diagnostic purposes. The apolipoprotein 
C-I belongs to a group of apolipoproteins having comparatively 
low molecular weight, which are designated as apolipoproteins Apo 
C-I, Apo C-II and Apo C-III. The primary structures of these three 
proteins are known (cf . (1) , (2) and, with regard to apolipoprotein 
C-I, in particular (3)). Relatively little is known about the 
function of the apolipoproteins C-I and C-III, and no documented 
knowledge is available concerning changes of the amounts or forms 
and association forms of apolipoprotein C-I in human serum or plasma 
as a function of certain pathological conditions. Publications 
according to (1) to (18) are representative of publications in 
the scientific literature which relate to apolipoproteins of group 
C or apolipoprotein C-I, in particular the work according to (11) , 
providing a good overview in relation to what is known about the 
role of the apolipoproteins C in lipoprotein metabolism. The 
biological effects described for apolipoprotein C-I primarily 
include the inhibition of cholesterol ester transfer protein (CETP) , 
the inhibition of the protein (LRP) associated with the LDL receptor 
(LDLR) and of LDLR itself and of the VLDL receptors (VLDLR) , and 
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the activation of lecithin cholesterol acyl transferase (LCAT) . 

No knowledge which would permit a determination of apolipoprotein 
C-I as a biomarker for the diagnosis of diseases, such as, for 
example, sepsis or cancer, or would suggest a determination of 
apolipoprotein C-I in said diagnostic contexts can be derived from 
the content of said publications. 

The present invention is the result of systematic research work 
by the Applicant which is aimed at researching the changes in the 
protein composition of patients with sepsis and making the research 
results obtained usable specifically for the diagnosis of sepsis 
and inflammation. 

A starting point of these researches was the finding that, in the 
case of sepsis, the prohormone procalcitonin is drastically 
increased and that the determination of procalictonin as a 
biomarker for sepsis is of great practical value for diagnosis 
and for therapy-accompanying monitoring (cf . for example EP 656 
121 Bl) . Further discoveries relating to the change in the protein 
composition in the serum or plasma of sepsis patients, which were 
obtained by the Applicant starting from different approaches to 
research, are to be found, for example, in the published Patent 
Application EP 1 121 600 A2 and further published Patent 
Applications of a more recent date, such as WO02/085937, 
WO03/005035, WO03/002600, EP 1 355 158 Al, EP 1 318 406 Al, EP 
1 318 407 Al and EP 1 355 159 Al, and additional relevant still 
unpublished Patent Applications of the Applicant. Reference is 
made to the content of the said Patent Applications, in particular 
with regard to the explanations of the modern understanding of 
the term sepsis and the significance of the determination of 
biomarkers in the case of sepsis. 

Since some of the investigations had shown that a number of 
biomarkers which were traditionally regarded only as typical cancer 
markers (cf . EP 1 318 402 Al, EP 1 318 403 Al, EP 1 318 404 Al 
and EP1 318 405 Al) are significantly increased in the case of 
sepsis too, plasma and serum samples of patients who suffered from 



various malignant tumor diseases were increasingly taken into 
account alongside the investigation of samples of sepsis patients. 

In many of the cases investigated, it was found that individual 
biomarkers which are found at a raised level in the case of sepsis 
are also significantly raised in the case of cancer patients. 
However, numerous cases also revealed substantial differences 
which prevent sepsis diseases and malignant tumor diseases from 
being treated for the sake of simplification generally as being 
fundamentally similar. 

The invention described in the present Application is the result 
of a further research approach for determining proteins which are 
potentially suitable as biomarkers for diagnostic purposes because 
their measurable amounts in sepsis patients and possibly patients 
who are suffering from other severe diseases, in particular 
inflammatory diseases or cancer diseases, are significantly 
changed compared with healthy persons. For this purpose, HPLC 
profiles of serum or plasma fractions from sepsis patients were 
compared with those of apparently normal healthy persons, and 
significant changes in the HPLC chromatography profiles were 
subjected to a closer examination. These investigations gave the 
results which became the basis of the present invention, namely 
that significant changes in the HPLC elution profiles of serum 
or plasma samples of patients are detectable when these samples 
were separated beforehand over a column containing a chromatography 
material which is capable of interacting with hydrophobic or 
lipophilic constituents of the sample and selectively binding such 
constituents ("hydrophobic interaction chromatography"). If the 
constituents of the separated sample which are bound to the 
chromatography material are subsequently eluted in a suitable 
manner, a subtraction of the original serum or plasma sample is 
obtained, in which constituents, in particular those of a protein 
nature, which are capable of interacting with hydrophobic surfaces 
are selectively enriched. A variant of such a method as applied 
to lipoproteins is described in (19) . 

The separation of such fractions of plasma or sera of patients 
with sepsis and other diseases by means of high performance liquid 



chromatography (HPLC) led to the surprising discovery, on which 
the present invention is based, that a constituent which is to 
be found at a substantial level in sera and plasmas of normal healthy 
persons is greatly reduced or apparently completely absent in the 
sera of sepsis patients and certain other patients. Further 
investigations into the nature of this constituent, which are 
described in more detail below, showed that the significantly 
reduced constituent is apolipoprotein C-I. Subsequent further 
investigations, which are likewise described in more detail below, 
then led to the further surprising result that findings which, 
in an initial provisional evaluation, indicated a parallelism of 
the changes in sepsis and cancer patients are in reality to be 
clearly distinguished from one another and make it possible clearly 
to distinguish sepsis diseases from cancer diseases by measurement 
of apolipoprotein C-I in serum or plasma from human patients, which 
as such, constitutes a discovery which can be utilized for 
diagnostic purposes . 

An object of the present invention is to find a novel protein 
biomarker suitable for diagnostic determinations and to make it 
usable for diagnostic purposes, the quantitative occurrence of 
which biomarker in human serum or plasma differs significantly 
from the values found in apparently normal healthy persons and 
the determination of which therefore constitutes a valuable 
diagnostic tool. 

This object is achieved by a method as claimed in claim 1. 

Preferred developments, in particular with regard to diagnostic 
applications in the case of sepsis patients, cancer patients and 
patients with other diseases are stated in the subclaims. 

Where, in the present Application or the claims, in addition to 
apolipoprotein C-I, "derivatives thereof" are also mentioned as 
species to be determined, these are to be understood as meaning 
in particular fragments and aggregates, in particular those which 
behave like the free protein apolipoprotein C-I in the respective 
chosen assay method. The "derivatives" may be, for example. 
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apolipoprotein C-I molecules shortened by individual amino acids 
or amino acid sequences, or complete apolipoprotein C-I molecules 
sterically or conf ormationally modified - for example by 
aggregation . 

The novel discoveries which permit the use of apolipoprotein C-I 
as a biomarker indicate that, in patients who are suffering from 
relevant diseases, the detectable amount of apolipoprotein C-I 
is greatly reduced compared with apparently normal healthy persons . 

From this it is possible to conclude that apolipoprotein C-I is 
formed in insufficient amounts, consumed and/or abnormally bound 
in the case of said diseases, which may be interpreted as a 
deficiency of apolipoprotein C-I in comparison with healthy 
persons . 

According to a further aspect, the invention therefore also relates 
to the use of apolipoprotein C-I as a therapeutic agent for the 
treatment of disease-related apolipoprotein C-I deficiency 
conditions and for the preparation of medicaments for the treatment 
of diseases which, at the diagnostic level, manifest themselves 
through a significant reduction of the measurable amounts of 
apolipoprotein C-I. 

These aspects of the invention form the subject matter of claim 
10. 

All facts and teachings to be protected which are reproduced in 
the introduction and in the claims to which reference is made are 
explained in more detail below with reference to experimental data 
and associated figures, the meaning of individual terms used in 
the present description being explained in addition. Express 
reference is therefore made to the following statements for the 
interpretation of the patent claims and for the more precise 
interpretation of the general statements made so far. 

In the figures: 



Fig. 1 



shows the elution profiles of the reverse phase 
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C18 HPLC of serum and plasma fraction which were 
elutable with acetic acid (50 mM) from 
octylsepharose chromatography columns which had 
been loaded with sera or plasma of (a) apparently 
normal healthy persons, (b) patients with various 
malignant tumor diseases and (c) sepsis patients, 
after intermediate washing of the loaded columns 
with phosphate-buffered saline solution (PBS) - 

shows relative amounts, obtained by peak 
integration of HPLC elution profiles of the type 
shown in fig. 1, of elutable apolipoprotein C-I 
in samples of apparently normal healthy persons 
and patients who suffered from diseases of 
different types (sepsis, tumor, cardiac infarction, 
angina pectoris, arterial occlusive diseases, 
Crohn's disease, Graves' disease, autoimmune 
thyroiditis, diabetes I, diabetes II, rheumatoid 
arthritis, Alzheimer ' s disease, HIV positive sera, 
in each case independently clinically confirmed 
diagnoses) . 

shows the standard curve of a sandwich immunoassay 
operating with two affinity-purified polyclonal 
apolipoprotein C-I antibodies, as obtained using 
synthetic apolipoprotein C-I as standard. 

shows the results of direct determination of 
apolipoprotein C-I in sera and plasma of apparently 
normal healthy persons, sepsis patients and tumor 
patients using an apolipoprotein C-I sandwich 
immunoassay, of which a typical calibration curve 
is shown in fig. 3; and 

shows the result of a repetition of the 
measurements, the results of which are shown in 
fig. 4, after the respective samples had been 
treated with octylsepharose. 



Description of the experiments carried out and of the results 
obtained 

A. CHROMATOGRAPHIC INVESTIGATIONS 

1, Obtaining serum or plasma fractions which contain the 

constituents of human serum/plasma which bind t o hydrophobic 
surfaces and can be eluted therefrom 

Samples of in each case 0.5 ml of sera/plasma of apparently normal 
healthy persons and of patients who suffered from a number of 
independently clinically diagnosed diseases were mixed with 0.5 
ml of octylsepharose chromatography material (source: Pharmacia; 
0.2 5 ml of packed material, washed in PBS) in PBS and incubated 
for 10 min at room temperature with gentle shaking. Thereafter, 
the mixture was introduced into a polypropylene column (diameter 
5 ntm) , and the unbound substances were separated from the substances 
bound to the octylsepharose material by washing with 20 ml of PBS. 

The desorption of the substances (proteins) bound to the 
octylsepharose material was effected by elution with 50 iriM acetic 
acid (pH 2.5). 

2 Reverse phase CI 8 HPLC 

The acetic acid eluate obtained from the octylsepharose columns 
was analyzed in each case directly by means of reverse phase C18 
HPLC over a \i Bondapak C18 column (3 .9 x 300 mm, Millipore, Waters) . 

Gradients of a mobile phase A (mixture of 95 parts by volume of 
water, 5 parts by volume of acetonitrile , 0.1 part by volume of 
trif luoroacetic acid) and a mobile phase B (10 parts by volume 
of water, 90 parts by volume of acetonitrile, 0.1 part by volume 
of trif luoroacetic acid) were used for the HPLC chromatography. 

After application of the acetic acid eluate to the HPLC column, 
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the analysis was effected in the following gradients of mobile 
phase A/mobile phase B: 

t = 0-5 min from 100/0 (A/B) to 65/35 (A/B) 
t = 5-20 min from 65/35 (A/B) to 40/60 (A/B) 
t = 20-22 min from 40/60 (A/B) to 0/100 (A/B) 

The flow rate was 1 ml /min. The column outflow was measured 
continuously for absorption at 214 nm. 

Fig. 1 shows three typical elution prof iles for fractions of samples 
from apparently normal healthy patients (a) , from patients with 
different tumor diseases (b) and from patients with sepsis (c) . 

It was surprisingly found that the HPLC elution profiles of said 
groups of persons differ substantially and systematically from 
one another. The band which is critical for the present Application 
is that which is eluted at 17.0 5 min. 

This band was quantified relatively by means of peak integration 
for all serum and plasma samples investigated, and the relative 
amounts of substance determined in this manner are shown 
graphically in figure 2 for a large number of control and patient 
samples. Specifically, the following samples were investigated: 

42 samples from tumor patients (9 x intestinal cancer, 7 x bronchial 
carcinoma, 13 x breast cancer, 8 x ovarian carcinoma, 5 x carcinoma 
of the pancreas) , 22 samples from sepsis patients, 7 samples from 
cardiac infarction patients (Ci) , 4 samples from patients with 
angina pectoris (APe) , 5 samples from patients with arterial 
occlusive diseases (AOD) , 6 samples from patients with Crohn's 
disease (CD), 11 samples from patients with Graves' disease, 4 
samples from patients with autoimmune thryoiditis (AIT) , 10 samples 
from patients with diabetes type I (D-type I) , 6 samples from 
patients with diabetes type II (D-type II) , 3 samples from patients 
with rheumatoid arthritis (RA) , 2 samples from patients with 
Alzheimer's disease (AD) and 6 samples from HIV-positive patients. 
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As is immediately evident from fig. 2 substantially positive values 
for the substance which corresponds to the measured peak at 17.05 
min are found for samples from normal healthy persons. In the 
samples from those suffering from diseases, very particularly 
clearly in the samples from sepsis patients, tumor patients, 
patients with manifest/acute cardiac diseases (Ci, APe, AOD) and 
patients with Crohn's disease, highly significantly reduced 
proportions of the same substance are measured. For patients with 
diabetes type I and diabetes type II too, significantly reduced 
values, although not reduced to the same extent, are found compared 
with healthy persons. For patients with Graves' disease, 
autoiinmune thyroiditis, rheumatoid arthritis , Alzheimer ' s disease 
and HIV-positive patients the corresponding concentration 
deviations are smaller or statistically insignificant. 



The mean values of the relative amounts found, which are obtained 
for the individual sample groups are summarized in the table below: 





Sample type 



Sepsis 



Tumor 
Cardiac infarction 
Angina pectoris 



Arterial occlusive diseases 
Crohn's disease 
Grave ' s disease 
Autoimmune thyroiditis 



Type I diabetes 



Type II diabetes 



Rheumatoid arthritis 



Alzheimer's disease 



HIV positive 



Mean value (relative 
absorption units) 



80 
80 
140 



80 
80 
320 
1130 



180 



200 



1130 



440 



480 
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3 IdentjJicatiQB of t he band used for sample rharacr erization 
(band editing at 17.5 min) 

For identification, the eluted substance corresponding to this 
band was collected, dried (speed vac) and subjected to peptide 
analysis. In a sequence analysis of the N-terminus the sequence 
TPDVS was determined. The molecular weight determined by means 
of the mass spectrum (ESI MS) is 6630 ± 15 D. These results correlate 
unambiguously with the known data for human apolipoprotein C-I 
(cf. for example (3)), which has the peptide sequence according 
to SEQ ID No. 1 (cf . also SWISS PROT Accession No. 3 660227) and 
has a theoretical molecular weight of 6627 D. 

After trypsin digestion of the substance and subsequent mass 
spectroscopy (ESI MS; "trypsin fingerprinting") the assignment 
made was completely confirmed. 

The apolipoprotein C-I which can be determined by the 
chromatographic procedure described is also referred to as "free 
apolipoprotein C-I" in the context of the present Application. 

It has the properties of binding from a serum or plasma sample 
(in PBS dilution) to hydrophobic molecular structures, for example 
the octyl radical of a hydrophobic octylsepharose chromatography 
material, from which it can be eluted under typical conditions 
for the elution of proteins, in particular with dilute acetic acid. 

However, the use of the term "free apolipoprotein C-I" does not 
necessarily mean that the material which can be separated off by 
hydrophobic interaction chromatography has to be present in 
completely free form in the original samples. Associates or 
aggregates, also with lipids which are broken up under the 
experimental conditions on contact with octylsepharose with 
binding of the apolipoprotein C-I to the chromatography material, 
are also to be regarded as "free apolipoprotein C-I" in the context 
of the use of this term in the present Application. 

The "hydrophobic molecular structures" can thus also be parts of 
the surface of a hydrophobic chromatography material. However, 
they may also be individual molecules having hydrophobic structural 
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regions via which binding of such a molecule to apolipoprotein 
C-I can take place, for example molecules having hydrophobic 
structures which can be marked and, for example, can serve in 
homogeneous assays for marking apolipoprotein C-I in a sample fluid. 

The ability to bind to "hydrophobic molecular structures" is 
present when the regions of the apolipoprotein C-I in the sample 
which are available for such binding are not blocked by other 
substances, for example the lipids in lipoproteins. Even when, 
for. example, it is stated that those fractions of apolipoprotein 
C-I are determined which bind to octylsepharose, this does not 
mean that it is actually necessary to make use of binding to 
octylsepharose in the determination. Rather, such a statement 
is to be understood as a characterization of the substance to be 
determined, even if it is determined by completely different 
methods. For example, the corresponding apolipoprotein C-I may 
be the same as that which is also determined, as described below, 
by means of an immunoassay. 

B. DIRECT IMMUNODIAGNOSTIC DETERMINATION OF APOLIPOPROTEIN C-I 
IN SERA/ PLASMAS 

1. Apolipoprotein C-I immunoassay 

For the direct immunodiagnostic determination of apolipoprotein 
C-I in serum, an immunoassay of the sandwich type was set up from 
the components described below: 

a) Coated tubes: polystyrene tubes (Greiner) were coated with 
a commercially available polyclonal affinity-purified antibody 
against apolipoprotein C-I (source: Acris Antibody, Bad Neuheim, 
Germany). According to the manufacturer's information, the 
antibody had been obtained by immunization of rabbits with human 
Apo C-I and had been purified over a sepharose affinity column 
with human apolipoprotein C-I. For coating, 0.2 ng of antibody 
in 300 Ml of PBS was bound to polystyrene tubes (Greiner, Germany) 
which had been coated with sheep anti-rabbit IgG antibodies (Sigma) 
The binding was complete after 18 hours at room temperature. 
The tubes were then washed twice with 3 ml portions of 0.5% bovine 
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serum albumin (BSA) in PBS. After they had been dried in vacuo, 
the tubes were used as a solid phase for the apolipoprotein C-I 
immunoassay . 

b) Acridinium ester-marked antibody: 100 fig of another antibody 
against human apolipoprotein C-I (from rabbits; source: Academie 
Bio-Medical Company, Texas, USA) in 100 n± of PBS were reacted 
with 10 iig of acridinium NHS ester (in 10 jLtl of acetonitrile) . 

After incubation for 10 minutes at room temperature, the marked 
antibody was purified with separation of unconverted constituents 
of the reaction mixture by HPLC over SW 300 (Waters) . For its 
use in the immunoassay, the marked antibody in PBS with 0.5% of 
BSA and 1 mg/ml of rabbit IgG was adjusted to about 1 million RLU/300 
il (RLU = relative light units) for saturation of the tube walls. 

2 . Carrying out the immunodiacrnostic determination of 

apolipoprotein C-I in serum or plasma samples 

Serum or plasma samples were diluted 1 : 10 000 with PBS, 0.5% 
BSA. In each case 300 /xl thereof were pipetted into the 
abovementioned tubes coated with the immobilized antibody and were 
then incubated for 4 hours at room temperature with shaking (300 
rpm on a Heidolph rotary shaker) . The tube content was then washed 
out with PBS (filling and decanting 4 times with 1 ml of PBS in 
each case) , and apolipoprotein C-I bound to the tube wall was 
reacted in the course of 2 0 hours at room temperature and 3 00 rpm 
with 3 00 /il per tube of acridinium ester-marked anti-apolipoprotein 
C-I antibody. Thereafter, unbound marked antibody was removed 
by washing 5 times with 1 ml portions of PBS, and the remaining 
chemi luminescence was measured in a known manner in a Berthold 
952 T luminometer. 

A synthetic apolipoprotein C-I was used for calibrating the assay. 

A typical standard curve as obtained for the above assay is shown 
in fig . 3 . 



3 . Results 
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With the aid of the described immunoassay of the sandwich type, 
controlled sera of apparently normal healthy persons, as were also 
used in the chromatographic investigations, and sepsis and tumor 
samples were measured. The measurements of the samples from sepsis 
patients substantially confirm the results of the HPLC 
investigation, in that significantly reduced measured values were 
obtained for apolipoprotein C-I compared with normal persons. 
In the measurement of samples from tumor patients, for which reduced 
concentrations were likewise determined in the chromatographic 
investigations, however, there was a tendency for the measured 
values obtained to be increased. The results are shown graphically 
in fig. 4. 

For checking the question as to whether the different results for 
tumor patients in the chromatographic determination on the one 
hand and the immunodi agnostic determinations on the other hand 
were due to the preceding selection step by means of hydrophobic 
interaction chromatography, the samples measured in the 
immunoassay were treated with octylsepharose before a further 
determination for the binding of "free" fractions of apolipoprotein 

C-I. 

4 . Treatment of the samples with octvlseipharose 



150 /xl of the same serum or plasma samples which had been measured 
as described in the immunoassay were mixed with 200 /il of 
octylsepharose (Pharmacia, 50 fxl of a gel in PBS) and incubated 
for one hour at room temperature with gentle shaking, after which 
the octylsepharose with apolipoprotein C-I fractions bound thereto 
were separated off by centrifuging (15 min at 2000 G) . The 
supernatant obtained was diluted 1 : 5000 in PBS/0.5% BSA and then 
measured, as described above, in the immunoassay. 

The results obtained are shown in fig. 5. It is evident that, 
as a result of the treatment with octylsepharose, the total of 
"free" apolipoprotein C-I which is detectable in the measurement 
by the described immunoassay of the sandwich type had been bound 
to the octylsepharose so that apolipoprotein C-I was no longer 
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detectable in the supernatant. Similar observations were made 
for the treated sepsis samples, in that the major part of the amounts 
of determinable apolipoprotein C-I which were already greatly 
reduced in comparison with the normal samples was removed from 
the sample by the treatment with the octylsepharose . 

Surprisingly, the apolipoprotein C-I determinable in an 
immunoassay of the type described was, however, not removed by 
the treatment of octylsepharose from the samples of tumor patients . 



C. DISCUSSION 

The findings described show that at least a major part of the 
apolipoprotein C-I in sera or plasmas of tumor patients is present 
in a form in which it has lost its capability of binding to 
hydrophobic surfaces but can still be determined as 
iitmunoreactivity in an immunoassay. A possible explanation of 
these observations would be that, in the case of the apolipoprotein 
C-I occurring in sera of tumor patients, the molecular regions 
available for hydrophobic interactions are saturated or blocked, 
in particular by binding partners which cannot be displaced by 
the octylsepharose. The nature of these binding partners is 
currently unknown. However, it cannot be ruled out that they are 
tumor-specific substances which, as such or on the basis of the 
deactivation of hydrophobic binding partners, such as, for example, 
of apolipoprotein C-I, play an important role for tumor development, 
for example by having an adverse effect on the natural immune 
response or by actively promoting tumor growth. Although no 
significant reduction of the apolipoprotein C-I fraction is 
detectable in the samples investigated by the immunodiagnostic 
method, the parallel chromatographic investigations show that this 
is not "free" in the abovementioned sense but is present in another 
form with reduced capability of binding to hydrophobic binding 
partners. "Free" apolipoprotein C-I, i.e. apolipoprotein C-I 
binding to hydrophobic binding partners, is on the other hand 
reduced in sera of tumor patients as in the case of other diseases 
such as, for example, sepsis. 
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On the basis of the findings described, it may be presumed that 
it is advantageous for tumor patients to compensate their disturbed 
balance in the sense of a reduced proportion of "free" lipoprotein 
C-I by external supply of apolipoprotein C-I, and hence to have 
a positive influence on the pathological process, for example by 
saturating the binding partners typical for tumors by external 
apolipoprotein C-I and providing additional free apolipoprotein 

C-I. 

A similar assumption, namely that an external supply of 
apolipoprotein C-I for compensating a disturbed level of "free" 
apolipoprotein C-I is advantageous, also applies to the other 
diseases, for example to the case of sepsis. If the production 
of apolipoprotein C-I is disturbed in the case of sepsis, an 
external supply can compensate a deficiency caused thereby. If 
the reduction of "free" apolipoprotein C-I in the serum/plasma 
of a patient in the case of sepsis is attributable to the removal 
of apolipoprotein C-I from the circulation by binding to 
pathological tissue structures or possibly insoluble bacterial 
structures, an external supply of apolipoprotein C-I can compensate 
the resulting deficiency or effect saturation of the binding sites 
in a pathological tissue or on the bacterial structures. By 
monitoring the concentration of free apolipoprotein increased by 
external supply or apolipoprotein determinable as immunoreactivity 
in blood samples of the patient treated, the amount required in 
each case can be monitored in a simple manner. 

The present invention thus also permits a novel therapeutic use 
of apolipoprotein C-I or of suitable derivatives, or compounds 
simulating its physiological behavior, for the treatment of cancer, 
sepsis, and other diseases which are associated with a reduction 
of the detectable free apolipoprotein C-I compared with healthy 
persons . 
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